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Abstract

Effect of NaCl stress on yield and various physiological parameters (leaf area, osmotic
potential, glycine-betaine, total sugars and chlorophyll contents) was studied in 7 wheat genotypes
(Lu-26s, Sarsabz, Bhittai, KTDH22, Khirman, B-7012 and Bakhtawar) grown under two salinity
levels (NaCl 1.5 and 12 dS/m) in the cemented tanks having river sand. Seeds were allowed to
germinate under normal condition and salinity treatments were imposed after one week of
germination. Salinity was imposed by irrigating the crop at an interval of two weeks or whenever
required with 1/4™ Hoagland nutrient solution having respective NaCl concentrations. Salinity
reduced the grain yield, leaf area and chlorophyll contents however it resulted in an increase in the
osmotic potential, glycine-betaine and total sugar contents. The results clearly indicated that under
salt stress, genotypes with higher leaf area, osmotic potential, glycine-betaine, total sugar and
chlorophyll contents, had more grain yields as compared to the genotypes with lower values for
these attributes. On the basis of yield reduction, four genotypes viz., Lu-26s, Sarsabz, Bhittai and
KTDH-22 were found to be salt tolerant whereas genotypes V-7012, Khirman and Bakhtawar were
designated as sensitive ones. The tolerant genotypes also maintained higher leaf area, osmotic
potential, glycine-betaine, total sugar and chlorophyll contents under saline conditions.

Introduction

Soil salinity is the major obstacle for increasing production in cropping areas
throughout the world. Salinity limits the productivity of almost all crops and its impact
and severity has been exacerbated by the activities of man. According to Wild (2003),
about 15% of the total land area of the world has been degraded by soil erosion and
physical/chemical degradation including soil salinization. In Pakistan about 6.3 million
hectares of land has become saline (Qureshi, 1993; Ghassemi et al., 1995), about half of
which lies in the canal command area (Rafig, 1990) while about 40,000 hectares of
agriculture land are becoming saline annually.

Wheat (Triticum aestivum L.) i an important cereal crop grown all over the world.
Also in Pakistan, it is the major staple food and grown on an area of 8.6 million hectares
(Anon., 2009). Use of improved varieties and better agronomic practices during the past
four decades has boosted the total wheat production of the country from 6.5 million tons
in 1970-71 to 23.4 million tons during 2008-09 (Anon., 2009). However, due to
increasing salinity and growing population, there is still a need to increase wheat
production in the country. Literature available on salt tolerance in wheat varieties
suggests that it is a moderately salt tolerant crop with a threshold level of 6-7 dS m™
(Maas, 1986). Apart from the genotypic variations in salt tolerance, response of a
particular wheat genotype under saline conditions also varies during different stages of
growth (germination, early seedling, vegetative, grain filling and maturity stage) and
under different growth conditions (growth cabinets, green house or natural fields) (Khan,
M.A., Ph.D. Thesis, 2009).
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In order to grow in saline environments, plants have adapted a number of
morphological, physiological and biochemical processes to mitigate the effects of high
concentrations of toxic salts and accordingly vary in their ability to tolerate saline
conditions. Physiological traits such as potassium selectivity, exclusion and/or
compartmentation of sodium and chloride ions, osmotic adjustment by accumulation of
organic solutes (proline, glycine-betaine, total sugars) have all been related to salt
tolerance of crop plants (Wyn Jones & Storey 1981). The present study has been carried
out to find the relationship between yield and some physiological traits of various wheat
genotypes grown under saline conditions in the glasshouse.

Materials and Methods

Seeds of seven wheat genotypes were acquired from the Plant Breeding and Genetics
Division, Nuclear Institute of Agriculture (NIA), Tandojam for their assessment on the
basis of physiological and biochemical parameters. Healthy seeds were selected and
surface sterilized with 3% Sodium hypochlorite solution for 15-20 minutes to prevent
fungal infection. Then seeds were washed thoroughly with distilled water and sown in
cemented tanks having river sand. Seeds were sown in a randomized manner with three
replicates. Crop was irrigated at an interval of two weeks or when ever required with 1/4"
strength Hoagland nutrient solution salinized by common salt (NaCl) to attain salinity
levels of 1.5 dS/m (control) and 12.0 dS/m. Electrical conductivity of the solution in
tanks was maintained regularly throughout the season. Various physiological parameters
were studied at the time of booting stage and crop was taken up to maturity at which
grain yield was recorded.

Leaf area was determined by passing fresh leaf samples through Leaf Area Meter
(LI-COR - LI1-3100, USA). For osmotic potential (OP), the method described by Khan et
al., (1992) was used. Fresh leaf samples (flag leaf) were taken and immersed in a glass
tube. A swab of cotton containing chloroform was placed in the test tube. The test tubes
were then left in freezer for over-night to kill the leaf tissues. After 24 hours these tubes
were taken out, acclimatized at room temperature and the cell sap was extracted with the
help of a syringe. This cell sap was collected in PCR tubes and osmotic potential (OP)
was measured by Osmometer (Osmomat-030, Germany).

Glycine-betaine was estimated by the method described by Grieve & Gratan (1983).
Dried ground leaves 0.5 g was extracted by shaking mechanically with the known amount
of toluene water mixture for 24 hours at 25°C, and filtered through Whatman filter paper
No. 1. One ml of the extract was mixed with 1 ml of 2.0 N HCI and was mixed
thoroughly. After that, 0.5 ml of the reaction mixture was pipetted out in a glass tube and
0.2 ml of potassium tri-iodide solution was added (7.5 g iodine and 10 g potassium iodide
dissolved in 100 ml of 1.0 N HCI by continuous shaking for 30 minutes then filtered and
stored at 25°C). The contents were shaken and cooled in ice bath for 90 minutes with
occasional shaking. Two ml of ice cooled distilled water was mixed and then 20 ml of 1-
2 dichloro ethane (cooled at 10°C) was added. Two layers were formed which were
mixed by passing a continuous stream of air for 1-2 minutes while tubes were still in the
ice bath (4°C). The upper aqueous layer was discarded and optical density of organic
layer was measured at 365 nm. The concentrations of glycine-betaine were calculated
against the standard curve. The blank samples were also developed as above except no
glycine-betaine standard or extract.
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The total soluble sugars were determined in fresh leaves according to Riazi et al.,
(1985). Fresh leaf samples were chilled to 0°C immediately after harvest and then frozen
at 4°C within ten minutes. One gram chopped leaf samples were shaken with 10 ml of
80% ethanol (v/v) overnight. In 0.1 ml ethanol extract, 3 ml of freshly prepared anthrone
was added, heated at 97°C for 10 minutes, cooled in ice bath and read in
spectrophotometer (Hitachi 150, Japan) at 625 nm.

The chlorophyll was determined according to the method of Lichtenthaler (1987).
Fresh leaves were cut into small pieces and extracted overnight with 80% acetone. The
extract was centrifuged at 14000 x g for 5 minutes and the absorbance of the supernatant
was measured at 645, 663 nm using Spectrophotometer.

All data were processed by statistical software MSTAT-C. Values reported are
means of three replicates. Data were tested at significant levels of p<0.05 using Analysis
of Variance (ANOVA) and Duncan Multiple Range Test (DMRT). Graphical work was
carried out using Sigma Plot software v.10.

Results

Application of different salinity levels posed variable effects on grain yield and
various physiological traits of all the genotypes.

Effect of salinity on the grain yield plant™: Salinity levels significantly (p<0.05)
reduced the grain yield in all genotypes (Fig. 1). Maximum reduction was observed in the
genotype Khirman, followed by V-7012 and Bakhtawar. The genotypes Sarsabz, Bhittai
and Lu-26s showed better performance as compared to others, whereas KTDH-22 was
found as moderately salt tolerant.

Effect of salinity on leaf area and osmotic potential: Data regarding the variation in
leaf area is presented in Table 1. It was observed that imposition of salinity caused a
significant decrease in leaf area in comparison to control plants however genotypic
variations were observed. Maximum reduction in leaf area was noted in Bakhtawar
(42.86%) followed by V-7012 and Khirman. Genotypes Lu-26s, Sarsabz and Bhittai
proved to be tolerant at this level of salinity and successfully maintained more than 75%
of the leaf area when compared with their respective controls.

Application of salinity caused a marked increase (more negative values) in osmotic
potential of all the wheat genotypes as compared to control (Table 1). The data showed
that maximum increase in osmotic potential was observed in Sarsabz and Lu-26s
followed by KTDH-22 and Bbhittai. Although at this level of salinity, other three
genotypes viz., V-7012, Khirman and Bakhtawar also exhibited increase in the osmotic
potential over their respective controls, however this increase was much lower (less than
20%) as compared with the tolerant genotypes.

Effect of salinity on glycine-betaine and total sugars: Glycine-betaine is also one of
the important osmo-protectants and its estimation serves as physiological marker for salt
stress. Under saline conditions an overall increasing trend in glycine-betaine contents was
noted in all genotypes (Table 2). Maximum increase was observed in Sarsabz and Bhittai
showing obvious tolerance under salt stress. Minimum increase was observed in
Bakhtawar followed by Khirman and V-7012.
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Fig. 1. Effect of salinity on the grain yield (g plant™) of different wheat genotypes. Data points
represent means of three replicates (n=3). Values in the parenthesis indicate % reduction in the
grain yield of treatment over control.

Table 1. Effect of salinity on the leaf area (cm?) and osmotic potential (-MPa)
of different wheat genotypes.

S. No. | Variet Leaf area (cm®) Osmotic potential (-MPa)
T y Control | 12dSm™ | % red. | Control | 12dSm™ | %iinc.
1.  Lu-26s 325 a 253 a 22.2 055 a 091 a 66.4
2. Sarsabz 342 a 250 a 26.8 057 a 09 a 66.9
3. Bhittai 323 a 240 a 25.8 062 a 093 a 49.2
4. KTDH-22 310 ab 233 b 24.7 059 a 092 a 56.2
5 V-7012 280 bc 175 b 375 059 a 070 b 18.0
6.  Khirman 273 ¢ 183 b 32.9 060 a 070 b 17.5
7.  Bakhtawar 280 bc 160 b 42.9 058 a 068 b 17.2

Mea 30.5 21.3 0.59 0.83

LSD (0.05) 3.36 0.053

Table 2. Effect of salinity on glycine-betaine (umol g™ dry wt.) and total sugars
(mg g™ dry wt.) of different wheat genotypes.

Glycine-betaine

Total sugars

S. No. | Variety (umol g* dry wt.) (mg g™ dry wt.)
Control | 12dSm? [ %inc. | Control | 12dSm™ | % inc.

1. Lu-26s 59 ab 26.0 o 341.9 8.3 a 223 a 168.9
2. Sarsabz 54 b 287 a 435.7 8.1 a 220 a 172.8
3. Bhittai 5.2 b 27.1 bc 417.0 8.1 a 209 ab 157.9
4, KTDH-22 58 ab 284 ab 387.7 8.2 a 198 b 141.6
5. V-7012 5.2 b 18.8 d 258.9 8.1 a 159 ¢ 95.5
6. Khirman 57 ab 181 d 214.9 8.2 a 159 ¢ 94.1
7.  Bakhtawar 7.1 a 19.2 d 168.5 8.5 a 153 ¢ 79.3

Mean 5.78 23.8 8.2 18.9

LSD (0.05) 1.05 0.962
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Fig. 2. Effect of salinity on the Chlorophyll a, b, total chlorophyll (mg g™ fresh wt.) and a/b ratio of
different wheat genotypes. Data points represent means of three replicates (n=3). Different letters
indicate significant differences (p<0.05) between treatment and control.

Under saline condition, increase in total soluble sugars ranged from 79.7 to 168.9 %
with significant differences among genotypes (Table 2). After the imposition of salt stress
more than 100% increase in sugar contents was noted in genotypes Lu-26s, Sarsabz,
Bhittai and KTDH-22 when compared with their respective controls. However maximum
increase was recorded in Sarsabz. The other three genotypes i.e. V-7012, Khirman and
Bakhtawar exhibited less than 100% increase in total sugar with lowest sugar contents in
genotype Bakhtawar.

Effect of salinity on chlorophyll contents: The data regarding variation in chlorophyll a
contents are presented in Figure 2A which shows a significant variation among
genotypes. In general, a declining trend was noted in all genotypes with the presence of
excessive salts in the growth medium. Maximum reduction was noted in V-7012,
Khirman and Bakhtawar however, genotypes Sarsabz, Bhittai and Lu-26s retained
maximum chlorophyll a contents with less than 20% reduction. Application of salinity
markedly reduced the chlorophyll b contents (Fig. 2B). All the genotypes showed less
reduction in the contents of chlorophyll b than a under salt stress. Genotype Lu-26s
showed better response and exhibited least reduction in chlorophyll b contents followed
by Bhittai and Sarsabz.
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The data regarding total chlorophyll contents in genotypes under investigation are
presented in Fig. 2C. Imposition of salinity caused a marked decrease in total chlorophyll
contents of all genotypes, however maximum reduction was noted in V-7012 followed by
Khirman and Bakhtawar. Genotypes Sarsabz, Lu-26s and Bhittai, showed less than 20%
reduction in total chlorophyll and proved to be tolerant to this salinity level. Any decrease
or increase in chlorophyll a and b contents determines the change in their ratio. All the
genotypes showed a slight declining trend in chlorophyll a/b ratio with increase in
salinity (Fig. 2D), however maximum decrease was recorded in Khirman and Bakhtawar.
Genotypes Sarsabz, KTDH-22 and Bhittai were tolerant to this salinity and exhibited
negligible reduction in chlorophyll a/b ratio as compared with control.

Discussion

Plant responses to salinity are complex and depend upon a number of factors eg.,
duration of salinity, type of salts, developmental stage of plant at exposure, (Cramer,
2002; Saqgib, 2002). In general, salinity seriously affects different growth parameters and
yield of wheat like other field crops. Yield reduction may range from a slight loss to
complete crop failure depending upon severity of the salinity problem (Chang & Sipio,
1991). In the present study a reduction in the grain yield of genotypes Khirman, V-7012
and Bakhtawar showed that these genotypes are sensitive to salinity while genotypes
Sarsabz, Bhittai and Lu-26s gave better yield showing obvious salt tolerance. According
to Kamkar et al., (2004) the salinity induced source limitation reduces yield primarily by
a severe reduction in grain number and then by reduction in grain yield.

One immediate response of plant to elevated salinity is a decrease in the rate of leaf
expansion, which results in a reduced leaf area. Results of the present study showed that a
significant positive correlation exists between grain yield and leaf area under NaCl stress.
It has been reported that common decrease in leaf expansion is associated with a loss in
cell turgor rather than a salt-specific effect. However, Ball (1988) indicated that the
common decrease in leaf expansion is not related to a loss in turgor pressure and is most
likely a result of a change in hormonal signaling from roots to leaves. In the salt-sensitive
genotypes, in which salt is not effectively excluded from the transpiration stream, salt
will build up to toxic levels in the leaves, resulting in death of old leaves and injury to
new leaves which may become succulent to dilute the salts (Munns & James, 2003).

Salt exclusion is the predominant mechanism of salt tolerance in non-halophytic
plants where osmotic adjustment is achieved, either by taking up non-toxic inorganic
solutes like K*, Ca*® and NO3 at an increased rate or by the synthesis of organic solutes
(Serrano et al., 1999). An increase in osmotic potential is accompanied by more
accumulation of organic and inorganic solutes, therefore the genotypes which have higher
increase in osmotic potential can be regarded as more tolerant to salinity i.e., Lu-26s,
Sarsabz, Bhittai and KTDH, whereas the genotypes which have less increase in osmotic
potential i.e., V-7012, Khirman and Bakhtawar are susceptible to salinity. Water deficit
in plants due to low external water potential is considered to be the first cause of growth
inhibition under saline conditions (Munns & James, 2003). Salt tolerance and growth in a
saline substrate; therefore require a decrease in intracellular water potential (Greenway &
Munns, 1980) by increasing the quantity of osmotically active solutes in the tissue
(Gorham et al., 1985).

Glycine-betaine, proline, D-sorbitol and D-pinitol are the common organic osmolites
(Gorham et al., 1985). Glycine-betaine has been reported to accumulate in sunflower
(Igbal et al., 2008) and grasses (Akram er al., 2007) under water stress and saline
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conditions, respectively. The results of present study clearly revealed that glycine-betaine
accumulation was enhanced by salinity in all the wheat genotypes (Table 2). Studies by
Meloni et al., (2004); Khan & Asim (1998) and Yeo (1998) reported the genotypic
variation in glycine-betaine accumulation in Prosopis alba and cotton. Similarly Khan et
al., (1995) also reported the accumulation of glycine-betaine under salinity in sorghum
and recorded three fold more betaine contents in salt stressed plants of sorghum
compared to that under non-saline environment. In the present study, glycine-betaine
contents increased due to salinity and obvious genotypic variations were also observed.
The genotypes Sarsabz, Bhittai and KTDH-22 had significantly higher values for glycine-
betaine than the other genotypes. The results also showed that these genotypes had higher
grain yields under salinity stress showing positive correlation between grain yield and
glycine-betaine contents. Sairam et al., (2002) found that tolerant genotypes had higher
glycine-betaine values under control and saline conditions compared to the susceptible
ones, which had much lower contents of glycine-betaine.

Accumulation of total sugars/carbohydrates under salinity stress is a commonly
noted phenomenon (Khan et al., 1995; Munns & James, 2003) and it has been reported to
play an important role in osmotic adjustment under salinity stress in grasses (Akhtar et
al., 2004). Results of the present study also indicated that with the application of salinity,
accumulation of sugar was enhanced and maximum sugar was recorded in tolerant
genotypes especially in Lu-26s and Sarsabz. Although sugar contents of the sensitive
genotypes were also increased under saline conditions, however their level of
accumulation was much lower compared to the tolerant genotypes. Similar results are
also reported by Prado et al., (2000) and Vacher et al., (1994) who found an increase in
the total sugar with progressive salinity increase in Chenopodium quinoa cotyledon and
suggested that sugars could act as osmoregulators. Literature also indicated that the salt
tolerant accessions of grasses had higher accumulation of sugars and maintained turgor
by decreasing osmotic potential and showed better osmotic adjustment. In the present
study accumulation of sugar was much higher in the tolerant genotypes, which created
lower osmotic potentials in these genotypes and hence helped them to produce higher
grain yields.

Salinity significantly reduces the total chlorophyll content depending on salt
tolerance of plant species and tissue salt concentrations. According to Ashraf & McNeilly
(1988), chlorophyll contents in salt-tolerant species increased, while in salt-sensitive
species these were decreased. The reduction in chlorophyll contents is to be expected
under stress; being membranous bound, its stability is dependent on membrane stability,
which under saline condition seldom remains intact (Ashraf ez al., 2005). The decrease in
chlorophyll contents under saline conditions is reported by Igbal ez al., (2006); Ashraf et
al., (2005). Our results are in agreement with these scientists; where chlorophyll contents
in all genotypes decreased. There are, however some reports where an increase in
chlorophyll contents was observed in rice genotypes (Alamgir & Ali, 1999). Another
interesting phenomenon is the shift in chlorophyll a/b ratio (Fig. 2D). It has been reported
by many workers that under saline conditions, chlorophyll b decreases more than
chlorophyll a, thus shifting the ratio in favour of chlorophyll a. In the present study the
chlorophyll a/b ratio varied among the genotypes with overall more increase in a/b ratio
of tolerant genotypes as compared with the susceptible ones. Ashraf & Mehmood (1990)
on the other hand, found a decrease in chlorophyll a/b ratio in three out of four brassica
species.
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It is concluded that on the basis of yield reduction, four genotypes viz., Lu-26s,
Sarsabz, Bhittai and KTDH-22 were found to be salt tolerant whereas genotypes V-7012,
Khirman and Bakhtawar could be designated as sensitive ones. The tolerant genotypes
also maintained higher leaf area, osmotic potential, glycine-betaine, total sugar and
chlorophyll contents under saline conditions.
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